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(54) High density housing for aquatic animals 



(57) A housing system for aquatic animals has a 
shelf-like rack holding tiers (4) of individual tanks or 
aquariums (6) (aquaria), each removably suspended 
from structural members that engage flanges of the 
tanks. The tanks are tilted inwardly of the rack and have 
covers (66) with fittings on the higher or outer side, that 
intercept flow between a supply (14) and a drain to inlet 
water when the tank is in the rack and to recycle the 
water at any tank position that is unoccupied. The inside 
bottom of each tank is contoured, for example with a 
longitudinal trough, so sediment collects at a low spot 



on the lower or inner side, where a drain inlet (215) is 
placed to provide a drainage outlet that opens at a ve- 
locity increasing restriction at which sediment is en- 
trained. The drain has a spring biased valve that opens 
the drain only when the tank is fully inserted in the rack. 
Water supply, water drain and air supply conduits are 
integrated using an extrusion or multiple passage con- 
duit for air supply, water supply and water return at the 
interception point of the tank water inlet. The housing 
system is suitable for zebrafish and laboratory experi- 
mentation. 
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Description 

[0001] The invention relates to animal housing sys- 
tems, and more particularly provides a housing system 
for aquatic animals wherein covered tanks or aquaria 
are removably carried in tiers on a shelf-like rack. Inser- 
tion of a tank into the rack couples the tank to a circu- 
lating water supply and preferably also to a supply of 
compressed air for aeration of the water. Removal of a 
tank from the rack decouples that tank from the circu- 
lating supply, also removing the tank as an interruption 
of the circulation whereby circulation continues. The 
housing system is especially useful as a high density 
laboratory facility for Danio Reria (zebrafish) used in 
medical and genetic testing and the like, or being bred 
for such use, and also is applicable to pet stores, tropical 
fish hobbyists and the like. 

[0002] Sophisticated high density arrangements for 
the dry-housing of animals are known, in particular for 
mammalian laboratory animals such as mice, rats, rab- 
bits, for breeding such animals, etc. A number of inter- 
ests affect the design of animal housing systems. The 
welfare of the animals is a major concern, making it nec- 
essary to supply the animals with basic requirements of 
air, water and food. The animals must be sheltered if 
possible from diseases or parasites and also should be 
protected from unnecessary stress. It is advantageous 
to facilitate quick and convenient access to the enclo- 
sures containing the animals for providing services. In 
laboratory applications, those conducting lab tests need 
access to the animals to initiate testing, and means to 
observe or measure the effects. In other situations such 
as pet stores and hobbyists' installations, the animals 
also need to be accessible yet protected and in view. 
[0003] Without compromising other interests, an op- 
timal housing arrangement should be compact, namely 
the density of the animal population should be high. It 
should be neat and clean. It should be readily capable 
of occupying the same floor space as the humans that 
are providing services and/or conducting testing. The 
maintenance and use of the system should maximize 
comfort and minimize danger for both the animals and 
the humans, for example not only preventing potential 
catastrophe such as the transfer of a deadly disease, 
but also avoiding simple discomforts such as unpleas- 
ant odors or dispersion of allergens. 
[0004] Some animals used in laboratory experiments, 
like rare pets, can represent a substantial investment. 
Rare pets are expensive to acquire, as are certain lab- 
oratory animals such as those having specific genetic 
characteristics or propensities that are useful fortesting. 
Apart from the cost of the animals, the time and effort 
invested to carry on an experiment makes it important 
that most or all of the animals survive for the duration of 
the experiment. It is important that the animals stay 
healthy while housed and also that their management 
and upkeep be as convenient as practicable. 
[0005] Examples of high density housing for mam- 



mals such as mice are disclosed, for example in US-A 
32,1 13 - Harr (Air conditioned laboratory rack for animal 
cages); US-A 4,690,100 - Thomas (Ventilated animal 
housing and service system with cage filter covers); US- 
5 A 5,044,316 - Thomas (Ventilated animal caging sys- 
tem with cage racks and filter covers including valves 
operable by rack); US-A 5,474,024 - Thomas (Caging 
system with slide bar operator for quick disconnect wa- 
ter fitting), and others. The disclosures of these patents 
10 are incorporated for their teachings regarding high den- 
sity housing and protection from disease while supply- 
ing animals with the necessities of life. 
[0006] Several of the foregoing patents use covers on 
animal cages to protect the occupants from airborne 
is pathogens when the cages are removed from the rack. 
The "cages" are actually integrally hermetic transparent 
plastic boxes, closed on the bottom and sidewalls, and 
closed over the top by the cover. These cages are en- 
gaged against hollow shelves in the rack, subdivided in- 
ternally to define air supply and exhaust conduits. The 
supply and exhaust conduits both have orifices placed 
to open into cages carried on one or both sides of the 
rack, such that the internal volume of the cage box be- 
comes a part of an air flow path from the supply duct to 
the exhaust duct. 

[0007] Various apparatus for supplying utilities such 
as food, water, and airto housings for laboratory animals 
are known in the art of laboratory animal housing of the 
type used for lab mice, etc. For example, US-A 
5,513,596 discloses a quick disconnect watersuppiy as- 
sembly for removably coupling cages to a drinking water 
supply. A conduit is mounted to pass through the barrier 
defined by a wall of the cage box, and contains an oc- 
cupant-operated valve, the water supply assembly cou- 
ples into a water supply line when the cage is inserted 
into the rack. A linking member attaches to the water 
line for opening or closing the connection with the water 
line and a manually movable knob is operated to engage 
or disengage the cage with the water supply. The con- 
nection closes off the water supply when the cage is 
withdrawn from the cage rack system. 
[0008] The drinking water supply as described is sub- 
stantially a one way affair, namely with water flowing 
from the supply into the cage enclosure without a flow 
return. 

[0009] US-A 5,1 74,239 discloses an aq uarium device 
that is sealed and coupled to water fed under pressure 
into the aquarium body by a feed pump. The water pres- 
sure resulting from the pump causes used water in the 
aquarium body to be discharged through a drain pipe. 
The drain pipe is coupled to a filtration and aeration unit 
that leads into the feed pump, providing a closed circu- 
lation path including the aquarium volume and the filter/ 
aerator in a closed loop. A closed loop filtration device 
for each aquarium is the normal filtration arrangement 
in a multiple-aquarium installation. Although many 
aquarium tanks may be disposed in relative proximity, 
each one has its own separate water pump and water 
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filter, which arrangement avoids a sharing of water that 
might engender the spread of disease. Aeration sup- 
plies on the other hand are typically commonly coupled 
to flow lines leading into a number of tanks. No return is 
needed because the air discharge is by bubbling into 
the ambient air. 

[0010] US-A 5,042,425 discloses an aquarium and 
bird and animal containment system. The containment 
system includes racks for displaying one or more aquar- 
iums and racks for displaying bird and animal cages. A 
cabinet disposed between the aquarium support and the 
bird and animal support contains a sink, a water supply 
bringing water to the tanks and cages, and an air supply 
and distribution system bringing air to biological filters 
located in the aquarium tanks. An drain system carries 
away overflow water. 

[001 1 ] US-A 5,1 97,409 discloses an aquatic tank d is- 
play system suitable for use in a pet store or aquarium. 
The system includes a tank support frame having mul- 
tiple tiers or levels for supporting tanks at different ele- 
vations. Portions of the frame are made of a non-corro- 
sive material, because it is possible that areas around 
the tanks may get wet, and are non-conductive for 
avoiding electrical hazard. Each tank has an open top 
which is covered by a lamp fixture and a hinged lid. 
[0012] US-A 5,413,070 discloses a multiple tank dis- 
play for a pet store or the like, comprising supports de- 
fining vertically spaced tiers. The tanks have transpar- 
ent walls and those in the top and bottom tiers have front 
walls that are inclined to refract light and enhance view- 
ing by a person standing in front of the display. 
[0013] US-A 5,365,886 discloses an aquarium con- 
tainment system. Racks support multiple stacked sets 
of tanks and each rack has a removable lighting system. 
An automatic water distribution system is provided for 
the aquariums, including mechanical and biological fil- 
ters and heaters. Sliding access panels facilitate access 
to the tops of the tanks for maintenance and cleaning 
purposes. 

[0014] A problem encountered when using circulating 
water to supply aerated and/or filtered water to multiple 
tanks is that the water for all the tanks can be contami- 
nated by pathogens originating in one of the tanks. As 
a result, a circulating water system may be disadvanta- 
geous. On the other hand, having a single filtration and 
distribution system serving a number of tanks has obvi- 
ous conveniences and cost savings. A disease problem 
of a similar type is encountered with mammal cage sys- 
tems in that airborne dander from one cage can spread 
pathogens to other cages. Uncovered cages can re- 
lease dust and dander on small particles that move 
about with eddy currents in the exhaust ducts when the 
cages are in the rack and elsewhere when the cages 
are out of the rack. Problems with this airborne vector 
can be partially dealt with by enclosing each of the cages 
by a cover that comprises a filter panel to block passage 
of dust and dander into or out of the cages, particularly 
when the cages are withdrawn from the rack system. 



However the cages must be opened to the air for serv- 
ice. 

[001 5] Removing the cages from the rack exposes the 
orifices to the air supply and exhaust openings to the 

5 air. Dust and dander can become entrained in the air 
moving about in the ducts in a manner similar to the way 
in which water borne diseases may move about in a cir- 
culating water system. Moreover, in a circulating water 
system one cannot simply disengage a tank from the 

10 system because the water otherwise supplied to the re- 
moved tank would be discharged onto the rack, floor or 
other tanks. 

[001 6] Leakage and inadvertent water discharge can 
be a problem in watertank housing. Apart from spillage, 

15 temperature and humidity constraints can make the air 
around a tank system uncomfortable for humans. Differ- 
ent types of fish require water at different temperatures. 
For zebrafish, the water should be maintained at a tem- 
perature of about 85° F for optimum health and breeding 

20 conditions (specifically 25 to 31 °C or 77 to 87.8°F). This 
is higher than room temperature, leading to high humid- 
ity levels, condensation of water on relatively cooler sur- 
faces, and dripping waterthat may damage components 
of the housing, spread disease and create unpleasant 

25 working conditions for the humans that are involved. 
[0017] There is a need for a housing system that 
solves the foregoing problems and optimizes conditions 
of comfort and safety for aquatic animals and for people. 
Additionally the system should be convenient and inex- 

30 pensive. 

[0018] Optimally, such housing is characterized by 
high animal density, that is, both housing a large number 
of fish or other aquatic animals in a relatively small vol- 
ume of well serviced water, and also supporting the 

35 tanks or similar enclosures that hold the water in a very 
compact and space saving arrangement. 
[0019] A high density housing system for aquatic an- 
imals according to the invention uses a number of indi- 
vidual tanks or aquaria that are suspended at a tilt angle 

40 by structural members of a rack (claim 15). Specifically, 
these structural members comprise lateral support 
beams carried on longitudinal support rods that are in 
turn supported, for example, by panels at the opposite 
ends of the rack structure. Flanges are provided around 

^5 the open tops of the tanks, which tank flanges are sup- 
ported by complementary flanges of the lateral support 
beams of the rack. The flanges of the support beams 
are inclined downwardly and inwardly relative to the 
rack, thus tilting the supported tanks inwardly. Each tank 

so is provided with a bottom structure that has inner walls 
having sloping sides leading to a low point at which sed- 
iment is collected for discharge with drained water. For 
example, the bottoms of the tanks can form troughs par- 
allel to the flanges and parallel to the lateral support 

55 beams. The troughs lead to a lowest point at the inward 
end of the trough, due to the inward sloping support of 
the tanks and the bottom trough. Other arrangements 
are also possible, characterized by the gradient around 
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the bottom of the tank leading to a low point from which 
water is drained. 

[0020] A modified recirculating parallel-flow water 
system continuously supplies filtered water to all of the 
tanks (claim 1 2). The tanks are removably coupled in a 5 
parallel flow arrangement between common supply and 
drain conduits in which supply and drain water flow se- 
rially. When inserted into the rack, each tank intercepts 
one of a number of parallel flow paths provided at 
spaced positions, one position per tank, between the io 
common supply conduit and the common drain conduit. 
With the tank inserted, purified supply water flows into 
the tank from the supply conduit, and used tank water 
is extracted and drained from said lowest point along 
the bottom of the tank, from which the water flows into 15 
the drain (claim 1 ). 

[0021] When the tank is removed from the rack, 
namely by withdrawing the tank along the supporting 
flanges of the lateral support beams, the flow from the 
supply waterconduitto the drain conduit is not intercept- 20 
ed at the respective tank position, and flows directly from 
the source to the drain. The water flows in a completely 
closed circuit, passing a filtration and purification system 
and passing through those tanks that are inserted to in- 
tercept flow of water from the source conduit to the drain 25 
conduit at each of those tanks' positions. The water sup- 
ply and water return conduits or lines can be formed in- 
tegrally with or rigidly attached to the rack to provide 
structural support for the lateral beams. The water sup- 
ply lines are preferably formed integrally with multiple 30 
lumen extrusions in which the parallel flows at the tank 
positions are between a supply lumen and a drain lu- 
men. A third lumen is coupled to the tank by a spring 
biased ball valve supplying air to bubble through and 
aerate the water in each aquarium when the tank is in- 35 
serted, said ball valve being closed when the tank is re- 
moved from the rack. 

[0022] According to an aspect or the invention, water 
supply, water drain and air supply conduits are integrat- 
ed into an aquarium supporting rack, for supply and re- *o 
moval of water to covered aquarium tanks, and for sup- 
ply of air for aerating the water. The tanks and conduits 
are structured such that each tank engages with the 
conduits by intersecting water flow paths running in par- 
allel, and by a valved connection to a serial air supply, 45 
such connections being made only when an aquarium 
is in a supported position on the rack. Thus detachment 
of any or all of the tanks does not interfere with the re- 
circulating water system, which continues to flow in a 
closed loop. so 
[0023] In a preferred embodiment, when the tank is 
inserted and intercepts flow from the supply conduit to 
the drain conduit, the water drained from the tank flows 
from a lowermost point at the lower end of the tank 
(which tilts inwardly due to the tilting flanges of the tat* 55 
eral support beams) into a central longitudinal drain path 
provided at each level ortier. When the tank is removed, 
however, the applicable drain conduit is a drain part of 
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the multiple lumen extrusion, which is at the higher side 
of the tilting tanks in the respective tier, spaced laterally 
outward from the longitudinal center. In any event, nei- 
ther the air nor the water facilities provide a pathway by 
which pathogens can pass from one aquarium to anoth- 
er The filtration and purification portion of the circulating 
water system preferably include filtering of solids (e.g., 
with a diatomaceous element), removal of oils and vol- 
atile components (e.g., with an activated charcoal ele- 
ment) and a biocidal/algaecidal element (e.g., an ultra- 
violet lamp incident on a quartz tube section along the 
water flowpath, to destroy any living tissue). 
[0024] According to another aspect, the drainage 
from each tank inserted in the rack is provided via a 
drainage conduit extending from the lowermost point on 
the bottom, where sediment settles, substantially to the 
water fill level on the laterally inward end of the tank, 
where the drainage conduit opens to the longitudinal 
drain trough. Advantageously, a restricted gap con- 
stricts flow from the tank into the drainage conduit at the 
lowermost elevation point in the tank, associated with a 
sump channel leading to the lowermost point. Drainage 
flow passing through the restricted gap at the low point 
increases in velocity due to the restriction and thereby 
entrains and sucks out sedimentthat has settled. In this 
way the tank water remains relatively clean without sub- 
stantial intervention. The drainage conduit has a spring 
biased valve that is opened by contact with a portion of 
the rack when the tank is inserted into the rack. As a 
result, when the tank is extracted from the rack, the 
drainage conduit is closed, preventing sloshing of water 
from the drainage conduit opening at the water level on 
the lower side of the tilted tank. When the tank has been 
removed, it can be held level manually rather than tilted, 
or can be placed on a horizontal surface. Whereas the 
tank is then level rather than tilted, the water level in the 
tank resides lower than the drain outlet, further avoiding 
leakage. 

[0025] Features and advantages of the present inven- 
tion are more fully disclosed or made apparent to a per- 
son of ordinary skill by the following detailed description 
of the preferred embodiments of the invention, which 
are to be considered together with the accompanying 
drawings wherein like numbers refer to like parts and 
wherein: 

Fig. 1 is a front elevational view of a high density 
housing array in accordance with an exam- 
ple of the invention; 

Fig. 2 is a side elevational view of the high density 
housing as shown in Fig. 1 ; 

Fig. 3 is a front elevational view of a lateral support 
or tank suspension arm; 

Fig. 4 is a cross-sectional view of an aquarium tank 
according to one embodiment of the inven- 
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tion; 

Fig. 5 is a broken-away cover of the aquarium tank 
shown in Fig. 1 , showing a cross-sectional 
view of the multiple lumen air/water supply 
header operatively engaged with a conduit 
supplying air and water to the aquarium tank 
according to an embodiment of the inven- 
tion; 

Fig. 6 is a cross-sectional view of the tank shown 
in Fig. 1; 

Fig. 7 is a perspective view of the tank cover shown 
in Fig. 1; 

Fig. 8 is a broken away cross-sectional view of the 
cover of Fig. 1 ; 

Fig. 9 is a broken away cross-sectional view of the 
ball valve and waste water drain of Fig. 1 ; 

Fig. 10 is a broken-away cross-sectional view of the 
air and water supply conduit of Figs. 1 and 
2; and 

Fig. 11 is a schematic diagram representative of a 
re-circulating water system used in connec- 
tion with embodiments of the present inven- 
tion. 

[0026] This description of preferred embodiments is 
intended to be read in connection with the accompany- 
ing drawings, which are to be considered part of the en- 
tire written description of this invention. In the descrip- 
tion, relative terms such as "horizonal," ,, vertical f ,, "up," 
"down," "top" and "bottom" as well as derivatives thereof 
(e.g., "horizontally," "downwardly," "upwardly," etc.) 
should be construed to refer to the orientation as then 
described or as shown in the drawings under discus- 
sion. These relative terms are for convenience of de- 
scription and normally are not intended to require a par- 
ticular orientation. Terms including "inwardly" versus 
"outwardly," "longitudinal" versus "lateral" and the like 
are to be interpreted relative to one another or relative 
to an axis of elongation, or an axis or center of rotation, 
as appropriate. 

[0027] Terms concerning attachments, coupling and 
the like, such as "connected" and "interconnected," refer 
to a relationship wherein structures are secured or at- 
tached to one another either directly or indirectly through 
intervening structures, as well as both movable or rigid 
attachments or relationships, unless expressly de- 
scribed otherwise. The term "operatively connected" is 
such an attachment, coupling or connection that allows 
the pertinent structures to operate as intended by virtue 
of that relationship. 

[0028] Throughout the drawings, a high density hous- 



ing structure 2 for aquatic life is shown, including a rack 
4, a plurality of aquarium tanks 6, and a water circulation 
system 8, especially shown in Figs. 1 and 2. More par- 
ticularly, rack 4 comprises a pair of end walls 1 0, a plu- 

5 rality of longitudinal support beams 12, a plurality of air 
and water supply conduits 14, and a plurality of tank 
hangers 16 that form lateral support beams. End walls 
10 may be formed as integral sheets of structurally rigid 
material or may comprise a matrix of legs, trusses or 

10 similar structural elements, arranged so as to form a 
supporting wall at the ends of rack 4. It is also possible 
that similar vertical structural members could be provid- 
ed at points spaced inwardly from the longitudinal ends. 
[0029] In the embodiment shown, end walls 1 0 define 

15 a plurality of openings 1 8 that are sized and shaped to 
accept an end portion of longitudinal support beams 12. 
Means for stabilizing end walls 1 0 in an upright position 
can be provided, such as outwardly projecting wings 19 
as shown, or base members such as feet (not shown) 

20 that cause the end walls 1 0 to encompass a length and 
width, for stability. 

[0030] Support beams 12 comprise elongated struc- 
tural members (see also Fig. 3), having a plurality of 
aligned, equally spaced attachment points, such as 

25 spaced vertical holes defined on a top side. In one em- 
bodiment of the invention, support beams 12 are of met- 
al tubing having a square or rectangular cross-sectional 
shape, for example a square tubing one inch (2.5 cm) 
on a side. At least one support beam 12 at the rear or 

30 rack side of the tanks is also provided at each vertical 
level or tier, with a plurality of relatively narrow rods 21 
(see Figs. 4 and 9) that project laterally outwardly, per- 
pendicular to the longitudinal axis of the beam. The 
evenly spaced attachment points are located between 

35 cage positions. The rods 21 are provided at each cage 
position, as valve operator pins, discussed in more de- 
tail below. 

[0031 ] The air and water supply conduits 1 4 comprise 
tubular members defining the flowpaths for air and wa- 

40 ter. Preferably, conduits 14 comprise an integral extru- 
sion with multiple distinct lumens for air supply, water 
supply and water drainage. Thus conduits 14 each have 
individually defined and mutually segregated internal 
passageways extending along their length. In one em- 

45 bodiment of the invention, air and water supply conduits 
14 have a square or rectangular cross-sectional shape. 
A plurality of openings 25 are defined in a side wall of 
each air and water supply conduit 14 so as to provide 
access to a fresh water supply passageway 26, a pres- 

50 surized air supply passageway 27, and a drain or waste 
water removal passageway 28. At least one internal wall 
of each air and water supply conduit 14, that defines the 
passageways 26, 27, 28 also includes at least one open- 
ing 32, 33, 34, respectively, arranged to communicate 

55 with the interior of each aquarium tank 6, via water cir- 
culation system 8, when that tank 6 is in place in the 
rack. 

[0032] Tank hangers 16 each comprise a generally 
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rectilinear structural support element having a central 
web 38 and a plurality of transversely defined openings 
40 and 42. The transversely defined openings 40 are 
sized and shaped to accept a portion of support beams 
12 and openings 42 are sized and shaped to accept a 
portion air and water supply conduits 14, the beams and 
conduits 12, 14 forming longitudinal elements and the 
lateral tank hangers 1 6 forming lateral elements coupled 
to the longitudinal elements to provide a supporting 
rack. These elements need to be sufficiently heavy to 
bear the load of the aquarium tanks when they are filled 
with water, namely approximately 62 lbs. per cubic foot, 
with additional strength for purposes of durability. 
[0033] Each opening 40, 42 is surrounded by a flange 
44 that projects outwardly perpendicular to central web 
38 (that is in a longitudinal direction), which securely fix- 
es the perpendicular orientation of the longitudinal and 
lateral parts. A peripheral flange 46 is provided along a 
bottom edge of tank hanger 16 in spaced relation to a 
bottom portion of flange 44 so as to form a channel 48 
that is inclined inwardly. In an example of the invention 
wherein aquarium tanks are received on both sides, 
channels 48 are inclined inwardly from both sides, but 
a one-sided arrangement is also possible. As best 
shown in Figs. 2, 4 and 9, channel 48 extends the length 
of tank hanger 16 and opens at ends 52, 54. Channel 
48 is sloped downwardly from each end 52, 54 of tank 
hanger 1 6, toward a central section 55 of tank hanger 
16. Thus channel 48 defines a low point at approximate- 
ly the central point of tank hanger 1 6. A pair of brackets 
58 project downwardly and outwardly from the portion 
of peripheral flange 46 that is adjacent to central section 
55. Brackets 58 define a pair of apposed and spaced 
channels 60 that are sized and shaped to receive a por- 
tion of water circulation system 8, as further discussed 
below. 

[0034] The system comprises a plurality of aquarium 
tanks 6, wherein a number of fish or other aquatic ani- 
mals can be housed. The tanks can separate the fish, 
for example, to segregate breeding fish, to protect cer- 
tain fish (e.g., fry) from predation, to contain a group of 
fish that have been subjected to an experimental proce- 
dure or perhaps are a control group, to contain different 
species, to disperse a large number of fish throughout 
the volume of all the tanks, or for any other reason, 
[0035] As best shown in Figs. 1 , 2 and 4, each of the 
aquarium tanks 6 comprises an open-topped container 
with a cover. In the preferred arrangement shown, the 
tank 6 comprises a generally frusto-pyramidal recepta- 
cle, having walls that preferably slope somewhat in- 
wardly toward the bottom, including side walls 61 , end 
walls 62, a bottom 64, and a cover 66. Aquarium tanks 
6 shown in Figs. 1 and 2 can be fabricated in different 
sizes as needed to hold a required volume of water, such 
as tanks holding 0.5, 1 .0, or 1 .5 gallons depending upon 
the number of fish that will be housed in the tank. It is 
also possible to provide single width tanks and double 
width tanks, the latter holding substantially twice the vol- 



ume of water of the former. 

[0036] A one gallon aquarium tank can readily house 
up to 50 fish or more, depending on the size of the fish, 
the rate at which necessary utilities are provided (e.g., 
5 the rate at which the water is changed or oxygenated, 
the amount and schedule of feeding and so forth). Pref- 
erably 5 to 50 fish of the size range of zebrafish are 
housed in a one gallon tank. The pump and fluid flow 
means should be capable of providing the equivalent of 
10 2 to 5 tank volume changes per hour, preferably 3 to 4 
tank volume changes per hour, to each aquarium. A 
nominal range of appropriate flow rates is 4.4 to 22 gal- 
lons per hour of water to each aquarium. 
[0037] Assuming a one gallon tank and a water circu- 
it lation of four gallons per tank or four changes per hour, 
the one gallon aquarium tank can readily house 5 to 10 
fish as subjects for experimentation, or as many as 40 
to 50 fish for stocking or temporary holding. With rela- 
tively greater fish density, it is advisable to employ rela- 
te tively greater aeration by virtue of the air bubbling flow 
rate, as known in the aquaculture art. The internal vol- 
ume of the aquarium can be subdivided by a barrier that 
confines adult fish and passes fry, to protect the fry in a 
breeding situation. Being smaller fish, the density of fry 
25 per unit of volume can be higher at a given oxygenation 
level. 

[0038] It would be possible to forego the bubbling of 
air through the water to provide oxygenation, provided 
the supply water is sufficiently oxygenated and is sup- 
30 plied at a sufficient rate. It is preferred for safety and 
redundancy that the bubbling air supply be included, so 
that if the circulating water system is shut down for any 
reason or fails, the necessary oxygenation is provided 
by the bubbler. 

35 [0039] Aquarium tanks 6 are preferably formed as uni- 
tary injection molded clear plastic containers. The ma- 
terial preferably is a high temperature polycarbonate if 
autoclaving will be used as a part of the tank mainte- 
nance procedure. An outwardly projecting flange 68 is 

40 formed around the peripheral edge of the open top end 
of each aquarium tank 6, see Figs. 4 to 8. Flange 68 
forms a shoulder 69 that also substantially surrounds 
open top end of aquarium tank 6. One of end walls 62 
includes a U-shaped opening 70 that separates flange 

45 68 and shoulder 69 at the top portion of that end wall 
62. The inner edges of U-shaped opening 70 form an 
inwardly projecting flange 72 that further defines open- 
ing 70. 

[0040] The bottom 64 of the tank comprises inner side 
50 surfaces that slope inwardly and downwardly, preferably 
at a sharper angle adjacent that bottom than higher in 
the tank. The inwardly sloping bottom panels intersect 
one another to form an elongated trough or sump chan- 
nel 76 extending the length of the tank. Sump channel 
55 76 defines the lowest portion of aquarium tank 6, and in 
the embodiment shown is positioned centrally along bot- 
tom 64. Sump channel 76 also extends parallel to the 
top edge and flange 68 in the embodiment shown, such 
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that channel 76 has a downward gradient to a point only 
when the tank is tilted, such as when supported in the 
rack. The sump channel 76 can be placed along one 
side or the other instead of centrally or can be diagonal 
or otherwise formed, and sump channel 76 can be in- 
clined relative to the flange. Each of these structures 
may be arranged to provide a bottom inside contour that 
defines a gradient leading from all points on the bottom 
to a predetermined point from which sediment can be 
collected by appropriately locating the drain inlet. In a 
preferred embodiment, bottom 64 has a substantially 
"V" or "U" shaped cross-sectional profile parallel to the 
flange edge and the tank is tilted when supported in the 
rack, for example by about 5 degrees or an approximate 
slope of 1:12. 

[0041] The bottom may vary in thickness in order to 
provide the trough shaped inside surface, but preferably 
the bottom has a substantially even thickness, which 
makes the outer side of the bottom into a V- or U-shape. 
To stabilize the tank when rested on a horizontal surface 
(see Fig. 6), two elongate, mutually parallel leg ridges 
88 extend longitudinally along the bottom 64 between 
the low point and the side walls, extending at least to 
the same level as the bottom of the V- or U-shape, and 
possibly longer, such that the tank is stable when on a 
horizontal surface, resting along two or three lines. In 
the embodiment shown, two legs 88 are provided, one 
adjacent to each side wall, namely at the maximum 
available spacing. In an alternative embodiment (not 
shown) the V- or U-shape can be asymmetrical such that 
the low point is near one side wall and only one leg is 
provided between the low point and the other sidewall, 
for support along two lines. In any event, legs 88 are 
arranged so that when aquarium tank 6 is removed from 
rack 4, it may be placed on a flat surface in an upright 
position without the top edge of the tank being tilted in 
either direction relative to the flat surface. 
[0042] Cover 66 closes over the top of each tank and 
prevents water from dripping or sloshing into a lower 
tank from an upper one. Cover 66 comprises a substan- 
tially flat sheet of clear material, e.g., polycarbonate pol- 
ymer, or the like, or of the same material as the tank, 
that is sized and shaped to close-off the open top end 
of aquarium tank 6. Cover 66 includes a lip 80, an anti- 
condensation rib 82, and an air/water supply header 84. 
[0043] Lip 80 projects downwardly from a peripheral 
edge to circumscribe the bottom surface of cover 66, 
and is sized to fit snugly over flange 68 of aquarium tank 
6. Anti-condensation rib 82 projects downwardly from 
the bottom surface of cover 66, and is spaced inwardly 
from lip 80 so as to reside somewhat within the flange 
along the upper edge. Anti-condensation rib 82 is rela- 
tively narrow and protrudes from the underside of cover 
66, for example by about 0.125 inches or so. Anti-con- 
densation rib 82 can be continuous around the periphery 
of the lid at a position inside the flange of the tank. A 
jogged portion adjacent to an end of cover 66 can be 
included so as to provide clearance for portions of water 



circulation system 6 while nevertheless providing a rib 
all around the periphery. Rib 82 provides a low elevation 
point from which water that condenses on cover 66 will 
tend to drip back into the tank. Rib 82 is preferably 

5 placed to reside immediately adjacent to flange 68. 
Without such an anti-condensation rib 82, there is a ten- 
dency for condensation on cover 66 to flow between 
cover 66 and the flange 68 of tank 6, particularly by cap- 
illary action. The humidity inside the tank is high. The 

10 water temperature (e.g., 85 degrees F) is higher than 
ambient temperature (e.g., 70 degrees), which tends to 
make the cover cooler than the air in the tank and pro- 
duces condensation at a steady rate. The aeration bub- 
bling also produces a positive pressure in the tank rel- 

'5 ative to ambient and these aspects can combine to 
cause upper tanks to drip onto lower tanks unless such 
a rib 82 is provided. 

[0044] Cover 66 is injection molded in a particular 
shape to facilitate coupling of each tank to the supplies 

20 of air and water through cover 66. Air/water supply 
header 84 projects upwardly from the top surface of cov- 
er 66, adjacent to the outer end in the embodiment 
shown, and encloses or defines a void space or cavity 
85. Air/water supply header 84 comprises an air bulk- 

25 head 90 having a surface 94 that faces toward the top 
surface of cover 66 and a water bulkhead 92 having a 
surface 96 that faces toward the top surface of cover 66, 
see especially Fig. 7. Surface 96 slopes away from the 
top surface of cover 66 at an angle greater than the tilt 

30 angle of the tank when in the rack, for example 1 0 de- 
grees versus 5 degrees. As a result, surface 96 is in- 
clined outwardly relative to vertical when the tank is in 
the rack. Surface 94 can be oriented substantially per- 
pendicular to the top surface of cover 66, and therefore 

35 perpendicular to the flanges that support the tank. 
[0045] Fig. 4 illustrates the drain structures and air 
supply structures; and Fig. 5 illustrates the water supply 
structures. The air and water supply structures are 
alongside one another on header 84 of cover 66, see 

40 Figs. 6 and 7. Each surface 94, 96 includes one opening 
into cavity 85 that interfaces with fresh water supply pas- 
sageway 32 of water supply 8, as shown in Fig. 5, and 
a second opening that couples to pressurized air supply 
passageway 34 as shown in Fig. 4. A waste water re- 

45 moval passageway 36 is also provided in the multiple 
lumen conduit; however the waste water passageway 
36 does not interface with the cover or the tank. Instead, 
waste water passageway 36 is provided at the utility 
supply header to remove supply water flowing directly 

50 from the supply water passageway when the tank is not 
inserted in the rack so as to intercept the flow of supply 
water. This supply flow (see Fig. 10) is provided at each 
tank location, from the water supply passageway to the 
waste water removal passageway. When the tank is in- 

55 serted in rack 4 (see Fig. 5), this flow is intercepted and 
flows into the respective tank 6. 
[0046] Drainage of waste water from the tank occurs 
at the other end of the tank at a lower elevation, and 
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leads through a different waste water removal passage 
back into the water circuit, namely a trough extending 
along a longitudinal center of the rack as discussed be- 
low (see Figs. 4 and 9). This return path of water is used 
when the tank 6 is in place in the rack. Fig. 11 schemat- 
ically illustrates the waterflow path, namely a closed cir- 
cuit including a pump and filter and controls, a biocidal 
element such as a UV source, and any tanks 6 that are . 
[0047] Associated with each tank 6, the water circu- 
lation system 8 comprises a water and air in let assembly 
100 and a water and waste outlet assembly 200 (see 
Figs. 4 and 5). 

[0048] The water inlet is arranged to intersect a flow- 
path that runs (when the tank is not in place in the rack) 
between the water supply passageway and the waste 
water removal passageway, and thereby to supply water 
for regularly replacing the water in the tank with fresh 
filtered/purified water. Water and air inlet assembly 1 00 
comprises an aspirator subassembly 105 and a water 
cradle 1 1 0 that are supported by air/water supply header 
84 on the tank cover 66. Aspirator subassembly 1 05 
(see Fig. 4) includes a spring actuated ball valve 1 13, a 
valve engagement coupling 115, and an aspirator tube 
118. Spring actuated ball valve 113 comprises a tubular 
housing 1 21 (see Fig. 7) having a helical spring 1 24 (see 
Fig. 4) and a ball-stop positioned within the central pas- 
sageway of the tubular housing. The tubular housing is 
cylindrical along a portion of its length and tapers at an 
distal end where the ball valve is engaged to open the 
air supply when tank 6 is inserted into the rack. A portion 
of the outer surface of the tubular housing is threaded 
and engages with a corresponding portion of the wall 94 
of air and water supply conduit 1 4 that defines an inner 
portion of pressurized air supply passageway 27. 
[0049] Valve engagement coupling 1 1 5 comprises an 
elongated tube having an outer diameter that is less 
than the diameter of the opening defined at tapered out- 
er end 127 of tubular housing 121 . A threaded portion 
128 of valve engagement coupling 115 engages a cor- 
responding threaded portion of the wall of air/water sup- 
ply header 84 that defines the opening in surface 94 of 
air bulkhead 90. An annular sealing flange can be dis- 
posed on the outer surface of valve engagement cou- 
pling 115, adjacent to threaded portion 128 for sealing 
purposes. Supply air is fed when the valve is open to 
aspirator tube 118, namely an elongated having an open 
upper end that is threaded along the outer surface of the 
tube, and threads into an elbow fitting 1 31 within the air 
bulk head 90^ Fitting 131 provides a right-angled pas- 
sageway and receives the threaded portion of valve en- 
gagement coupling 115, substantially along a horizontal 
axis, and aspirator tube 118 substantially vertically so 
that aspirator tube 118 projects at least partially under 
the water level that fills aquarium tank 6. 
[0050] The water level is maintained (see Fig. 4) by 
discharge from a drain at the rear of tank 6. Inasmuch 
as tank 6 is tilted inwardly of the rack, the water level 
falls well below the drain level when tank 6 is removed 



from the rack and placed on a horizontal support. Addi- 
tionally, when tank 6 is removed a spring biases ball 
valve at the drain also closes. 
[0051] For supply of water (see Figs. 5 and 7), water 
5 cradle 11 0 comprises a semi-tubular structure including 
an elongated semi-cylindrical portion 136, a tubular por- 
tion 139, and an annular sealing flange 141 projecting 
radially outwardly from the transition between semi-cy- 
lindrical portion 136 and tubular portion 139. Tubular 
10 portion 1 39 is threaded on an outer surface for engage- 
ment with a corresponding threaded portion of the wall 
of air/water supply header 84 that defines the opening 
in surface 96 of water bulkhead 92. Annular sealing 
flange 141 is sized and shaped so as to sealingly abut 
is surface 96 when water cradle 110 is installed in water 
bulkhead 92. Semi-cylindrical portion 136 forms a 
spoon-like receptacle that projects outwardly from the 
center of annular sealing flange 141 and away from sur- 
face 96. Because surface 96 is sloped away from the 
top surface of cover 66 at an angle greater than the tilt 
angle of the tank (e.g., about 10 degrees versus 5 de- 
grees), semi-cylindrical portion 136 is oriented at a 
downwardly sloping angle (equal to the difference be- 
tween the tank tilt angle and the water bulkhead-to-cov- 
er angle). As a result, water that is poured into semi- 
cylindrical portion 136 flows by gravity along a down- 
ward gradient toward water bulkhead 92, into and 
through tubular portion 1 39 to feed the tank. 
[0052] According to the foregoing structure, when the 
tank 6 is in place in the rack at any tank position, feed 
water flows into the tank via the structures at the bulk- 
head 92 rather than flowing from the fresh water supply 
into the waste water removal passageway associated 
with the air/water supply conduit at the outer end of the 
tank. Excess water drains from the tank at the opposite 
end, which is at the lower elevation, via waste water out- 
let assembly 200. The waste water outlet assembly 
draws from the lowermost point in the tank and discharg- 
es into a waste water drain 21 0, namely an at-least-part- 
ly open longitudinal trough provided at each vertical tier. 
Each drain 21 0 is coupled into the return side of the cir- 
culating water flowpath, leading back to the filter and the 
pump that drives the flow. Wastewater passage 28 also 
leads back to the return side, although the waste water 
in passage 124 has not passed through a tank 6. 
[0053] The waste water outlet assembly 200 compris- 
es a housing 202, a discharge tube 204, a spring actu- 
ated ball valve 206, a tank interface grommet 208, and 
the waste water drain 210. Housing 202 is sized and 
shaped to be positioned within an upper portion of 
aquarium tank 6, adjacent to cover 66 and end wall 62, 
and in confronting relation to U-shaped opening 70. An 
internal void or cavity is defined within housing 202 and 
has right angle openings respectively sized to accept a 
portion of spring actuated ball valve 206, and arranged 
in flow communication with a discharge inlet passage- 
way 215, through which water is drained from tank 6. 
The stop for the ball valve is provided by the discharge 
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tube 204. Discharge inlet tube or passageway 215 
projects downwardly from a bottom surface of housing 
block 202. Discharge Inlet passageway 215 and dis- 
charge outlet passageway 204 are oriented at approxi- 
mately ninety degrees to one another, and are in selec- 
tive flow communication with operation of the ball valve. 
[0054] The highest point along the drain flow path is 
approximately at the level of the surface of the water in 
the tank (see Fig. 9). Anti-siphoning passageway 219 
opens onto a top surface of housing 202 so as to be in 
communication between internal cavity 21 3 and the am- 
bient atmosphere surrounding housing 202. Passage- 
way 21 9 prevents a siphoning action that could other- 
wise lower the water level in the tank below the nominal 
level defined by the high point of the drain flow path. As 
thus configured, discharge of spent water from each 
tank 6 in the rack is driven by gravity and the tank water 
is regularly exchanged with fresh water. 
[0055] The cover on each tank substantially protects 
the tank from ingress of water spilled from a tank higher 
in the rack (see Figs. 7 to 9). To further prevent inad- 
vertent sloshing or other discharge that could subject a 
lower tank to waste water from an upper tank, the spring 
biased valve in the waste water discharge from tank 6 
closes off the drain flowpath when tank 6 is removed 
from the rack. More particularly, spring-actuated ball 
valve 206, comprising a helical spring 224 and a ball- 
stop defined by the end of tube 204, closes when tank 
6 is pulled a short distance along its supporting flanges 
in the removal direction, as shown on the left side of Fig. 
9, or opens when tank 6 is fully inserted as shown on 
the right side of Fig. 9. Helical spring 224 is disposed in 
internal cavity 213 and urges the valve body or ball to- 
ward ball-stop 226 and a sealing engagement blocking 
off both discharge inlet passageway 215 and discharge 
through outlet tube 204. The valve is opened and drain- 
age can occur by pushing back the ball 206 when the 
tank is fully inserted into the rack, namely via valve op- 
erator pin 21 that is fixed in the central structure of the 
rack and protrudes laterally in the area just above the 
longitudinal drain trough. Drain tube 204 projects out- 
wardly from the discharge outlet passageway to dis- 
charge used or spent water over U-shaped opening 70 
and into trough 210. 

[0056] Tube 204 is cylindrical where it projects from a 
side of housing 202 and is encompassed by a tank in- 
terface grommet 208 that mechanically engages with 
and seals to U-shaped opening 70. Grommet 208 is 
made of elastomeric material and has a U-shaped slot 
around its sides and bottom which fits snugly into open- 
ing 70. The grommet has a central opening sealing with 
tube 204, and preferably also has tabs or ears protrud- 
ing laterally in opposite directions, the tabs or ears rest- 
ing on and against tank flange 68 at its outward bend 
69. Tank interface grommet 208 is mated with aquarium 
tank 6 by slidingly engaging inwardly projecting flange 
72 of U-shaped opening 70 with the peripheral U- 
shaped groove along the sides and bottom of grommet 



208. At the lower limit of displacement of grommet 208, 
the grommet ears abut against flange 68 at the top por- 
tion of end wall 62 of tank 6. 

[0057] By mounting the drain assembly in a remova- 

5 ble arrangement, it is possible to disassemble this part 
of the tank for cleaning, for example autoclaving. The 
tank interface grommet 208, including its U-shaped pe- 
ripheral slot and the ears that rest on and against tank 
flange 68, precisely defines the vertical position of the 

10 drain tube 21 5. Positioning by virtue of the grommet pro- 
vides a means to accurately set the height of the gap 
between the bottom of the tank and the drain inlet tube 
215. In particular, the grommet positions the drain as- 
sembly so that the lower end of inlet tube 21 5 is spaced 

is a short distance, for example 0.125 inch, from the low- 
ermost point in the trough in the bottom of tank 6 by 
which sediment moves toward the low point and the 
drain, at the back of the tank. The gap forms a restricted 
cross sectional dimension of the flow path of water from 

20 tank 6 into drain tube 215, and thus locally increases the 
velocity of the water flow at the gap. This helps to entrain 
and remove solids that have settled in the tank, and re- 
duces the need for regular cleaning of tank 6 to remove 
sediment. 

25 [0058] Waste water drain 21 0 comprises a longitudi- 
nally elongated trough or upwardly open channel that in 
the dual sided rack embodiment shown in positioned 
along the central interior portion of rack4, belowthe sup- 
port beam 1 2. Rods 21 , forming the ball valve operators, 

30 are disposed between the supports that project down- 
wardly from lateral beam 1 6 below the level of the tank- 
carrying flanges thereof. The trough can be snapped in- 
to engagement with lateral beams at spaced points by 
the brackets formed between the two downwardly pro- 

35 jecting supports. Waste water drain 21 0 is located below 
drain tubes 228 for all of aquarium tanks 6 assembled 
in rack 4 so that drain water pours from the drain assem- 
blies into. trough 21 0. A trough 21 0 is provided for each 
vertical tier of tanks, ail of the troughs draining into con- 

40 duits or into a common conduit (not shown) at an end of 
the rack and leading back to the circulating path of the 
water and to the filter apparatus and water pump. 
[0059] There are various possible plumbing arrange- 
ments for coupling the apparatus into the circulating flow 

45 of water and to the air supply to functionally couple the 
tanks into the necessary flowpaths. For example, the 
openings of the multiple lumen supply conduit 14 at 
each tier can be separately connected by flexible tubes 
or coupling to filtered and purified water supplied at 

so pressure by the circulating pump, to a supply of com- 
pressed air and to a negative pressure or gravity fed re- 
turn line leading to the pump and filter. The conduits can 
be coupled on one or both sides (and on each side of 
the rack for the dual-sided embodiment shown) to make 

55 these connections. However such an arrangement 
would involve a rather complex network of tubes and 
connections. 

[0060] An embodiment of the invention as shown 
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comprises a vertically oriented multiple lumen conduit 
that corresponds to and is in flow communication with 
the corresponding openings of the multiple lumen air/ 
water supply and waste water drain at each vertical level 
or tier (see Fig. 1 0). In particular, one end of the multiple 
lumen conduit 14 is capped off by a sealing cover (not 
shown) that can be affixed by adhesive or heat welding, 
etc. The opposite end of the multiple lumen conduit 14, 
namely the end shown in Fig. 10, is capped by a sealed 
coupling cap that has openings to couple in fluid com- 
munication the respective subdivisions of the multiple 
lumen conduit 14 with corresponding subdivisions of a 
vertical multiple lumen conduit. The sealing coupling 
cap is attached by adhesive or welding at a connection 
end. This coupling cap has flow openings that preferably 
comprise flanged openings with O-ring seals. Corre- 
sponding openings are provided in the vertical multi-lu- 
men conduit, and seal with the flanged openings and 0- 
rings. A bolt can be provided for urging the conduits into 
sealing engagement at each level or tier. In this arrange- 
ment it is only necessary to provide one connection for 
each of the three lumens of conduit 14 for each side of 
the rack (or for the whole rack in a one-sided version). 
A similar conduit (not shown) can couple to the ends of 
drain troughs 21 0 at least at one side of the rack and at 
each level. That connection can be made by a vertical 
conduit with space holes into which the troughs 21 0 ex- 
tend. 

[0061] In the embodiment shown, the water supply, 
waste water drain and air supply couplings are all made 
to the multiple lumen conduit on the same end, which 
provides a neat and compact arrangement because it is 
only necessary to make connections to the vertical mul- 
tiple lumen conduit, e.g., at the bottom or top, to couple 
that side of the rack into the circulating flow path. It is 
also possible to make some of the connections at one 
end (e.g., the supplies of air and water) and others at 
the opposite end (the waste water drain) such that cer- 
tain flows move in opposite directions. In lieu of multiple 
lumen conduits as discussed herein, it is also possible 
to arrange the same flow connections using separate 
(or attached) single lumen conduits for each separate 
flow at each tier. 

[0062] Advantageously the structural parts of the de- 
vice are readily put together and taken apart. Thus the 
user can generally determine which end of the rack 
should have couplings, how many levels or tiers will be 
included, the longitudinal length of the rack and similar 
aspects of a particular installation. For example if the 
utility (air/water/drain) connections are to be moved to 
the opposite side of the rack, their conduits can be 
moved from one side of the rack to the other and re- 
versed end for end. 

[0063] Referring to Fig. 1 , a standardized unit is also 
possible, namely having a particular width and number 
of tiers, and in the embodiment shown, a roll-out shelf 
in the middle (shown in broken lines) for servicing tanks, 
such as transferring subjects from one tank to another. 



The ability to couple the lateral beams 1 6 to longitudinal 
members 12 also permits mixing single width tanks and 
multiple width tanks, as shown by the double width tank 
in the bottom tier of Fig.1 . For this purpose one or more 

5 lateral beams can be detached and slid along members 
12 to abut against the adjacent beam. 
[0064] Preferably, the water circulation system runs 
at a constant flow rate for changing the water in all the 
tanks at approximately the same frequency. The circu- 

10 lation system is driven with sufficient power to produce 
a positive pressure in the water supply conduits and a 
negative pressure in the drain conduits, as necessary 
to drive theflow.Howeverthe vertical spacing of the tiers 
provides a fluid head that affects the pressures at each 

15 level. That is, the weight of the volume of water that is 
higher in the rack bears on the conduits at lower eleva- 
tion. In an extreme case, the rate of supply water flow 
could be substantially higher at the lower tiers and the 
rate of drainage substantially higher at the upper tiers. 

20 This situation can be remedied in a number of ways. The 
dimensions of the conduits can be arranged such that 
the orifices between the vertical and horizontal conduits 
are small in cross section compared to the vertical mul- 
tiple lumen conduit, which causes the vertical conduit to 

25 act as a header or weir pipe arrangement. The driving 
pressures can be relatively high compared to the differ- 
ence in pressure due to fluid head, which tends to equal- 
ize the flow rates at the respective tiers. As another al- 
ternative, progressively greater restrictions can be 

30 placed in the supply lines at lower elevations and/or the 
drain lines at higher elevations to balance the effect and 
achieve equal flow. Provided the drain negative pres- 
sure is sufficient to achieve a positive flow at least equal 
to the supply flow, it is normally only necessary to adjust 

35 for the flow rate on the supply side. Adjusting the rate 
of water supply inherently governs the rate of total flow 
in the drains because only that amount is available to 
drain. The volume of the flow draining through the drain 
passageways of the multi-lumen horizontal conduits 

40 versus the volume draining through the rear drain 
troughs varies as a function of the proportion of tank lo- 
cations that are occupied by tanks. With no tanks in the 
rack, all the drain flow is through the multi-lumen con- 
duits. With all tank positions occupied, most or all of the 

45 drain flow is through the rear trough. 

[0065] The flow in the horizontal conduits (both in the 
multiple lumen conduits and in the rear drain trough) is 
gravity flow rather than pressure driven, because these 
conduits are open to the ambient and operate at ambient 

50 pressure. To effect gravity flow, the drain conduits are 
preferably tilted slightly toward one end of the rack, and 
all the drain connections are made there. The tilt can be 
obtained by placing the support positions on one end of 
the rack higher than the other but keeping the end sup- 

55 porting structures vertical such that the vertical and hor- 
izontal members form a parallelogram. Alternatively, the 
connected vertical and horizontal members can be at 
precise right angles and the overall structure tilted to- 
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9. Aquarium system of claim 8, wherein said cover 
comprises an internal lip protruding downwardly 
around a perimeter adjacent to a rim of the open top 
of the tank, the lip providing a low point for conden- 

5 sation to accumulate and drop into the tank. 

10. Aquarium system of claim 5, comprising a rack 
for supporting a plurality of said tanks, the rack hav- 
ing attached lateral and longitudinal members, the 

10 tanks each having flanges protruding therefrom, the 



ward one end or the other by providing a spacer under 
one end. 

[0066] It is an aspect of the housing apparatus as dis- 
closed that substantially all the surfaces that are in con- 
tact with the water on the supply and drain sides can be 
substantially free of metal surfaces. Metal ions can be 
toxic to some aquatic animals and-plants. 



Claims 

1. Aquarium system comprising a tank having an 
inside bottom (64) sloping to at least one point of 
lowest elevation (76); a water supply to the tank; 
and a water drain (200,21 0) from the tank, the water 15 
drain having a drain inlet (215) at said point of low- 
est elevation, whereby sediment is drawn into the 
drain inlet. 

2. Aquarium system of claim 1 , wherein the tank has 20 
inside walls sloping to an elongated trough in the 
inside bottom, and further comprising a support for 
the tank positioned to tilt the elongated trough 
downwardly to one end thereof, and wherein said 
point of lowest elevation is at said end of the trough. 25 

3. Aquarium system of claim 2, wherein the trough 
is substantially parallel to a supporting surface for 
the tank and further comprising rack having a plu- 
rality of tilting supports for engaging said supporting 30 
surface to support the tank. 

4. Aquarium system of claim 3, wherein said water 
drain comprises a drain outlet at an elevation sub- 
stantially defining a water level in the tank, the drain 35 
outlet discharging into a waste water collection con- 
duit, and wherein the waste water collection conduit 
water is coupled to the water supply in a recirculat- 
ing flowpath passing through at least one pump and 

at least one water purifying device. *o 

5. Aquarium system of claim 3, wherein the water 
supply comprises a flow path along which feed wa- 
ter flows along at least one path between the water 
purifying device and the waste water collection con- 45 
duit, further comprising a supply inlet to the tank po- 
sitioned to intercept the feed water flowing along the 

at least one path when the tank is carried on said 
support, and wherein the feed water flows directly 
to the waste water collection cpnduit when the tank so 
is removed from said support. 

8. Aquarium system of claim 3, further comprising 
a removable cover for an open top of said tank, and 
wherein the cover has a raised portion supporting ss 
the supply inlet in position to provide a gravity flow 
into the tank when carried on the support. 



lateral members of the rack comprising flanges tilt- 
ing downwardly and inwardly of the rack, the flang- 
es of adjacent said lateral members supporting the 
tanks by the flanges of the tanks and defining a plu- 
rality of tank positions on the rack; wherein the 
waste water collection conduit includes a longitudi- 
nally elongated trough disposed inwardly on the 
rack at a relatively lower elevation for catching wa- 
ter drained from the tanks; and a paired water sup- 
ply conduit and water collection conduit are dis- 
posed outwardly on the rack at a relatively higher 
elevation, said supply inlet to the tank intercepting 
water flow between said paired water supply con- 
duit and said water collection conduit disposed out- 
wardly on the rack at each position. 

11. Aquarium system of claim 10, further compris- 
ing vertical connection conduits coupling the paired 
water supply conduit and the water collection con- 
duit to the recirculating flowpath, and wherein the 
paired water supply conduit and water collection 
conduit are defined by passages in a multi-lumen 
conduit having an additional passage coupled to a 
supply of compressed air and operable to aerate 
water in tanks placed in the rack. 

12. Re-circulating water system for continuously 
supplying filtered water through aquarium tanks, 
comprising: 

(i) a water return header, a filter system, flow 
control means, and a water supply header con- 
nected in series, wherein 

(ii) said water supply header includes multiple 
branches each disposed in fluid communica- 
tion with at least one of said multiple water sup- 
ply lines, each of said multiple water supply 
lines running to a water inlet in a utility appara- 
tus; 

(iii) at least one of said water return lines runs 
from an outlet on said utility apparatus into said 
water return header; 

(iv) said utility apparatus is constructed such 
that water flows directly from said water inlet 
into said water outlet when no aquaria are 
present in said re-circulating water system. 

13. Re-circulating water system of claim 1 2, where- 
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in each of the tanks comprises a receptacle with a 
bottom having sloping sides that form a trough de- 
fining a lowest point within said tank and a cover for 
on the receptacle, wherein said cover has a raised 
portion at one end thereof with an access opening s 
having a flow diverter extending at an oblique angle 
away from said access opening, the tanks being re- 
movably mounted on the utility apparatus such that 
said flow diverter protrudes into said utility appara- 
tus and intercepts water from said water inlet in said 10 
utility apparatus and diverts it into said tank, and 
wherein water exits from said tank into said water 
return header. 

1 4. Recirculating water system of claim 1 2 wherein is 
said filter system comprises one or more filters se- 
lected from the group consisting of a sand filter, a 
biological filter, a charcoal filter, a membrane filter, 
and an ultraviolet filter. 

20 

1 5. High density housing for aquatic life compris- 
ing: 

a plurality of aquariums (6), each of said aquar- 
iums comprising a tank and a cover, 25 
each of said tanks comprise a bottom having 
sloping sides that form a centrally positioned 
and longitudinally extending trough wherein 
said trough includes a lowest point within said 
tank, and wherein each said tanks further com- 30 
prises a sump positioned adjacent to a bracket 
on an end wall of said tank, wherein said sump 
comprises a dip tube extending into said tank 
and a valve for selectively preventing water dis- 
charge from said tank and said bracket com- 35 
prises a grommet disposed above a drain, 
wherein said valve opens when said aquarium 
is inserted in a rack such that water can exit 
through said drain; and 

said cover comprising a raised portion having 40 
an access opening with flow diversion means 
extending at an oblique angle away from said 
access opening, and wherein each aquarium is 
adapted to be placed in said rack; 
said rack comprising vertical support members 45 
connected perpendicularly to horizontal sup- 
port members, wherein each horizontal support 
member has multiple tank suspension arms ex- 
tending away from said horizontal support 
member at an upward angle, such that when so 
each of said aquaria is received in said rack, 
said aquaria are suspended at an angle, and 
wherein each tank suspension arm has a utility 
apparatus comprising a water inlet, an air inlet, 
and a water outlet, wherein said water inlet is 55 
located above said air inlet and said air inlet is 
located above said water outlet; and said water 
outlet runs into said water return line; 



a re-circulating water system comprising a wa- 
ter return header, a filter system, flow control 
means, and a water supply header connected 
in a series configuration, wherein said water 
supply header feeds multiple water supply 
lines, each of said water supply lines running 
to said water inlet in one of said utility appara- 
tus, and each of said water return lines running 
from said outlet on each of said utility apparatus 
into said water return header; and 
said flow diversion means in said cover pro- 
trudes into said utility apparatus and intercepts 
water from said water inlet and diverts it into 
said tank before said water can exit through 
said water outlet when one of said aquaria is 
placed in said rack, and wherein water exits 
each of said tanks into said water return lines 
through said drains in said brackets via said 
sump apparatus adjacent to said brackets. 

1 6. Housing of claim 1 5 wherein each tank is formed 
as a unitary injection molded plastic tank and each 
cover is a unitary injection molded plastic cover, 
preferably wherein said tank and said cover each 
comprise polycarbonate plastic. 

17. Housing of claim 15 wherein said vertical sup- 
port members, said horizontal support members, 
and said tank suspension arms are modular and 
flanged. 

18. Housing of claim 15 wherein said water supply 
lines and water return lines are formed integrally 
with said vertical support members, said horizontal 
support members, and said tank suspension arms 
in said rack. 
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